Installation of an inner window is a relatively simple method for insulation retrofit of existing houses. However,
there have been few studies on the effect of well-insulated window retrofit on the indoor thermal environment, and it is not clear how the method affects the thermal comfort and health of the occupants. This study was conducted to investigate the effects of installing well-insulated windows on the residential indoor thermal environment and the thermal comfort and health of occupants.
The survey was carried out in eight old wooden houses with elderly occupants who were certified as being in mild levels of long-term care need in Yamagata City and surrounding area (Table 1, Outdoor air temperature close to the house and air temperature and humidity in the rooms were continuously measured and recorded in each house. Thermal sensation and satisfaction in bedroom and living room as well as subjective evaluation of the results after window renovation were asked in questionnaire form. Walking was tested by the Timed Up and Go Test, a reliable method of evaluating walking ability in the elderly. In this test, we determined the time taken to rise from a chair and walk three meters, circumvent a pole, return to the starting point and sit down. We conducted three trials per subject. Physical activity was measured by a pedometer attached to the waist, and sleep quality was assessed by an actigraph attached to the non-dominant wrist.
The average air temperatures in the eight houses before (December 9-15, 2009) and after (December 8-14, 2010) renovation are shown in Figures 1 and 2 , respectively. The differences between outdoor air temperature and air temperatures in the rooms were calculated for each house to examine the effect of outdoor temperature on room temperatures. The outdoor to indoor air temperature differences after renovation were significantly larger than those before renovation in bathroom of seven houses and anterior room of the bath of five houses when compared by performing paired t-tests (p < 0.05) ( Table 3) . In other words, the impact of outdoor temperature on room temperature became smaller after renovation in the rooms without heating, suggesting the indoor thermal environment was improved. In the living room with heating, the vertical air temperature difference in the evening (18:00-24:00) slightly decreased after renovation.
According to the subjective reports from the occupants, the living room and bedroom became warmer, and thermal comfort in both rooms was improved; in addition, sensation of cold draft in the rooms decreased after window renovation. Occupants' subjective evaluation of the renovation was positive (Fig. 9 ).
Average walking times were 25.6 ± 14.0 s and 20.7 ± 13.1 s before and after renovation, respectively, with no significant difference. In contrast, the average number of steps per day (physical activity) were 1,317 ± 1,210 and 1,789 ± 1,214 before and after renovation, respectively; this difference was statistically significant (p = 0.02). There were no significant differences in sleep variables.
According to these results, window renovation reduced the impact of cold outdoor air temperature on indoor thermal environment, improved the thermal comfort in winter, and increased the physical activity of the elderly occupants. The relationship between the health of the elderly and their physical activity, and the improvement of indoor thermal environments through renovation with well-insulated windows, require further study.
